Abstract The value of genomic sequencing is often understood in terms of its ability to affect diagnosis or treatment. In these terms, successes occur only in a minority of cases. This paper presents views from patients who had exome sequencing done clinically to explore how they perceive the utility of genomic medicine. The authors used semi-structured, qualitative interviews in order to study patients' attitudes toward genomic sequencing in oncology and rare-disease settings. Participants from 37 cases were interviewed. In terms of the testing's key values-regardless of having received what clinicians described as meaningful results-participants expressed four qualities that are separate from traditional views of clinical utility: Participants felt they had been empowered over their own health. They felt they had contributed altruistically to the progress of genomic technology in medicine. They felt their suffering had been legitimated. They also felt a sense of closure, having done everything they could. Patients expressed overwhelmingly positive attitudes toward sequencing. Their rationale was not solely based on the results' clinical utility. It is important for clinicians to understand this non-medical reasoning as it pertains to patient decision-making and informed consent.
Introduction
Genomic-based individualized medicine is increasingly becoming incorporated into clinical care. Medical professionals who use this new tool often equate the utility of genomic sequencing with the clinical actionability of its results (Sanderson et al. 2005; Green et al. 2013; Berg et al. 2011; Lindor et al. 2013) . The usefulness of sequencing in the eyes of these professionals tends to depend on their ability not merely to make meaning of the test results (analytical utility) but also to act on them for the benefit of the patient (clinical utility or medically actionable). Therefore, clinicians evaluate genomic sequencing's utility based on its potential to return information that changes the individual's healthcare (Ravitsky and Wilfond 2006) . For clinicians, BWas it worth it?^means, in effect, BDid it inform treatment, or did it provide a diagnosis?^However, patients and their family members often do not attribute value in the same way.
Although experts in evidence-based medicine and genetics hold varying opinions on how to define Bclinical utility ( Grosse Scott and Muin Khoury 2006; Bunnik et al. 2014) , value is often understood narrowly in the framework of health outcomes relative to costs (Porter 2010) . It has been increasingly acknowledged that the value of genomic medicine must be considered in context, specifically through the perspective of the individual patient (Botkin et al. 2010; Grosse et al. 2010; Foster Morris et al. 2009; Veenstra et al. 2013; Conti et al. 2010) . The personal utility of information to the patient and his/her family needs to be considered in order to evaluate the worth of genomic medicine more comprehensively.
In the great majority of situations, exome and genome sequencing currently fails to identify a cause for disease. A number of institutions report successful outcomes, all, however, in or around the lowest quartile. For instance, in 2013, the Medical College of Wisconsin reported that its program was able to achieve a definitive diagnosis in 27 % of patients undergoing genomic sequencing (Jacob Howard et al. 2013) . Other sources report similar numbers (Miyatake and Matsumoto 2014; Biesecker and Green 2014; De Ligt et al. 2012) . A recent paper claims that across a variety of disorders, sequencing was able to identify pathogenic variants in 21 % of cases, noting that success is more likely for Mendelian disorders (34 %) or when family trios are sequenced (54 %) (Taylor et al. 2015) . Another study reported similar diagnostic yields (25.2 %) as the previous studies; however, these authors reported that the percentage of findings that were medically actionable (results that the physician can use to help treat the disorder) was as low as 4.6 % (Yang et al. 2014) . Due to the current relatively low yield of medically actionable results from exome sequencing, insurance companies in the USA do not always provide coverage (Chakradhar 2015) . Similar concerns with emerging evidence-based, personalized medicine initiatives are seen throughout the European Union as well (Payne and Annemans 2013) . Therefore, genomic sequencing can be cost-prohibitive for patients, and it might not even be offered to them for this reason. Furthermore, many forms of high-throughput sequencing take many weeks and even months to return results. That time is crucial, and for some (particularly oncology patients where the sequencing is used to help identify a targetable mutation or in other rare circumstances), the difference of a month could represent the difference between life and death. In these ways, it is clear that by engaging in genomic sequencing, patients invest a notable amount of resources.
However, as we demonstrate in this paper, patients may place great value on genomic sequencing regardless of the low probability of a diagnostic or actionable outcome. In fact, such probability does not factor into many patients' Billness narratives^ (Kleinman 1988 ) at all. Patients may have a significant emotional, physical, and financial investment in genomic sequencing. Despite this, they find value in undergoing the tests even when the outcome yields nothing that is diagnostic or clinically actionable.
A number of studies have sought to define the attitudes of patients and research participants regarding genomic sequencing results and have found that the majority desire that information even when there is no clinical utility (Middleton et al. 2015; Clift et al. 2015; Graves et al. 2015; Beskow et al. 2009; Kaufman et al. 2012; Ormond et al. 2010; Bollinger et al. 2013; Jarvik et al. 2014; Sanderson et al. 2013 ). Personal utility is sometimes cited as one of the important justifications for returning results from exome sequencing, even in research contexts.
Personal utility has varied definitions (Bennette et al. 2013; Beskow Laura and Wylie 2010; Foster Morris et al. 2009 ), and we use the term to indicate those perceived values not traditionally considered clinical. When surveyed, the majority of genetic professionals agree that individual choice and personal utility are important considerations in clinical sequencing (Yu et al. 2014 ). However, it remains doubtful that insurers will reimburse for genomic sequencing based on personal utility alone Rogowski et al. 2009) .
In this paper, we examine the ways in which patients perceive the value of the entire experience of clinical exome sequencing. We demonstrate that patient values go beyond a financial calculus of cost-benefit ratios. Patients and their family members give similar-and in fact at times greater-weight to emotional, physical, and societal investment.
Methods
We designed our study to investigate patient attitudes toward genomic medicine and have described in detail our approach elsewhere (Clift et al. 2015) . Our methodology entailed interviews with patients and their families. We conducted in-depth (Britten 1995) , semi-structured interviews with individuals and their family members as they underwent genomic sequencing at the Mayo Clinic's Individualized Medicine (IM) Clinic. The IM Clinic specializes in bringing new sequencing technologies into medical practice (Lazaridis et al. 2014) . At the time of our study, the IM Clinic provided two services: one for cancer patients for whom previous therapies had failed, and one for Bdiagnostic odyssey^patients with conditions presumed to be genetic but without diagnosis. Certain types of results were necessarily returned, while genetic counselors worked with patients to determine whether they wanted to Bopt in^on receiving certain other types of results (see Table 1 ).
Interview guides and participant contact materials were developed and subsequently approved by the Mayo Clinic Institutional Review Board. We developed an interview guide of open-ended questions and follow-up probes. The questions were designed to assess patients' experiences in the IM Clinic, their general understanding of the sequencing they were undergoing, their hopes and concerns, and their attitudes toward the return of results. The interview guide was modified iteratively as data were collected and analyzed and as new themes emerged as salient. We began conducting interviews in December 2012, with the majority being completed by March 2014. An additional 13 follow-up interviews were conducted between July 2015 and August 2015. We invited individuals to participate in our study after they had their initial appointment with an IM Clinic physician. Interested individuals were consented and signed a HIPAA form. Interviews were done either in person or by telephone, depending on the individual's preference and time constraints. Interviews averaged 20 min, though the participant could keep the conversation as short or as long as he or she wished. We spoke to patients at a number of points during the process of genomic sequencing: before their initial meeting with the genetic counselor, after that meeting, while the patient waited for results, and after the return of those results. Patients received a report of their results (see Table 1 ) and met with a clinician to explain the report. The purpose of conducting multiple interviews was to see how their opinions and beliefs regarding sequencing might change over time. We anticipated that it would not be possible to reach each patient at each of the four interview points.
Interviews often included more than one participant at the request of the patient. Such group interviews were counted as a single interview. For oncology patients, the additional participant was generally a spouse or significant other. The diagnostic odyssey participants were more often parents of the proband. Seven diagnostic odyssey patients, who were old enough and cognitively able to participate, were interviewed individually, though family members occasionally joined at the request of the proband. Having multiple participants present added to the conversational atmosphere of our interviews, with questions being addressed to all participants and with each able to respond according to their unique positions within the context of genomic sequencing.
Interviews were audio-recorded and subsequently transcribed, de-identified, and analyzed using standard qualitative methods. After reading the transcripts, researchers created a codebook using aspects of grounded theory and inductive qualitative analysis, helping us to avoid preconceptions and to find unanticipated themes and commonalities (Corbin and Strauss 2007 ). The coded text was then compiled and analyzed in QSR NVivo 10, a qualitative data analysis software program. Researchers were informed by traditional anthropological analytic methods that focus on reflexivity (Davies 2007) . The major theme of this paper emerged upon reconsideration of the coded materials.
Results
Our data come from 39 cases, each represented by at least 1 interview. Some participants were interviewed as many as three times, based on their availability and interest. Sixteen cases were interviewed at least twice. Everyone we approached agreed to participate in the project; however, time constraints prevented researchers from approaching every patient who came through the IM Clinic. We conducted a total of 68 interviews. Thirty-nine participants completed at least one, 20 completed at least two, and 9 completed three interviews. Oncology patients ranged in age from 29 to 67, and diagnostic odyssey patients ranged in age from 20 months to 45 years. As mentioned above, we interviewed family members of those patients unable to consent and participate due to age or cognitive capacity. Six patients-three from each service-did not proceed with genomic sequencing after the intake counseling session. This was due to insurance issues and other eligibility criteria, including their candidacy for surgery or biopsy. For more details, refer to Table 2 . Individuals are identified by their service (diagnostic odyssey: Dx; oncology: O), by their approximate age (#), and by their sex (female: F; male: M).
Despite coming from different cohorts, responses from both cancer and diagnostic odyssey patients were quite similar. Based on our sample data, no difference was found in attitudes based on a patient's receiving a definitive diagnosis or treatment options. Patients not only recognized the clinical utility described to them by their clinicians; they also found value in several other, surprising aspects of their experiences. Four major themes quickly became apparent as to why a participant felt the sequencing had been useful, none of which could be considered analogous to goals of the results' immediate effects on treatment or diagnosis.
The first is personal utility and the belief that knowing one's personal genetic composition (including nonactionable variants of unknown significance) could allow a patient to make more informed decisions about his or her future healthcare. The second is the feeling of Bdoing one's part,^the satisfaction of being able to contribute knowledge to a new field and help research efforts. The third is the social legitimation granted by candidate genetic causes of a disorder (with or without a definitive diagnosis). Relatedly, patients consistently expressed a sense of closure provided by completing sequencing. Even if they received no new information back, they felt a relief believing they had done everything currently available to search for answers.
Personal utility
For many of the patients and their families, a significant amount of their diagnostic or treatment journey was traversed without having tangible information to guide them. Having information about their own genetics was one more piece of data about themselves that could inform future treatment. The information from genomic sequencing or panels empowered patients even if the results did not yield any specific answers. Participants expressed that with this information, they could be their own advocates and look for their own answers. BI want to know everything about myself, because I mean, if you can plan and be aware of things, you can also inform yourself about new developments that are happening, or new things you can do to-to offset those genetic profiles( O60M), said one oncology patient. Many patients appreciated the possibility that they can hold onto their inconclusive results and return with questions at their regular visits with their physicians. BYou may not have all the answers now for us, but maybe in the future you will,^said one woman (Dx40F). The parent of another patient told us, BSo we may not discover anything now; maybe his sequencing could be used at a later date^(parent of Dx11M). Another participant stated that she would like to receive all of her results Bso that I could start paying more attention to research that's coming out^(O36F), suggesting that she would be better positioned to interpret new knowledge being published in medical literature.
In addition to doing their own background research, some patients began self-advocating with the information gained from genomic sequencing. Even though the results might have been inconclusive, belief in the necessity of further research was a key motivator. One patient explained that her results encouraged her to advocate for research on her disease: BGetting my results from you guys really empowered me to do something. I've taken on-made this big petition to get our research reinstated. And it's really taken off. It's been really empowering^(Dx45F).
The results from genomic sequencing caused some patients to find support groups with others who had conditions similar to theirs. This was the case not only for patients receiving a definitive diagnosis; it also facilitated networking practices of patients who merely received variants of unknown significance. Some patients had success connecting with other individuals with the same or similar conditions as one patient explained, BThat made a huge difference. I mean it was absolutely wonderful to be able to talk to another family that has been through the same scenario.
[…] They actually introduced us to a couple of more families^(mother of Dx5M).
Patients also repeated that, while genomic science is relatively nascent, the answers to their problems might be found in the data it returns: One participant stated that that technology may provide all the needed data, but that no one knows how to interpret them yet. As he summarized, BThere are limitations in regards to genetic sequencing […] though the sequence may all be there^(father of Dx11M). Another participant noted the limitations but still maintained hope: BWell I understand that the chances that they are going to come up with something are very low. So in that sense I am not expecting very much but who knows. If you don't try, you won't get anything^(O41F). Knowing their genotype, these patients put forward, allows them to self-advocate. They can find trials, treatments, and research on their own.
Doing their part
Altruism and the ability to contribute to research is another reason that many of the patients proceeded with sequencing. They did this despite acknowledging that it was relatively unlikely that they would find an answer for themselves as this participant illustrates: BMy expectations are low. I'm kind of looking at it as potential for research going forward. […] From what my doctor explained to me, the odds don't look too great that they're going to be able to find a different chemo that's going to be able to inhibit my kind of cancer^(O50F).
The ability to further knowledge in the field of genomic medicine was often cited as a reason to participate: BI think in the future this will be extremely important in the treatment of any type of disease, but for right now you have to start somewhere […] But actually for right now my expectations are that I am just sort of helping research^(O61F).
Participating in research was seen as an opportunity to give back. A daughter of an oncology patient posited: BWho knows what they are going to discover soon, and so, if you know about it now, you know, you can always be watching-participate in studies or something […] That can always be a good option if they needed participants […] to help somebody in the future even if it is not yourself^(daughter of O67M).
Many patients similarly saw a potential value in clinical genomic sequencing as helping an unknown, unrelated person in the future. BIn the long run if it doesn't help me, that if all the studies and the sequences are somehow able to help somebody else, I feel that I am doing my part here on earth as part of this, that if it can't help me, then hopefully the testing can help somebody else^(O43F). The father of a diagnostic odyssey patient put it this way: BIt is an opportunity for us to learn more about [the patient] that might benefit her and also benefit other people^(father of Dx5yF). An oncology patient echoed this sentiment: B[I] hope that it could help someone else in the future if it doesn't help me, that the research could even help someone else down the line going through something similar( O29F). In fact, one woman even expected research to be conducted on her clinical sample: BYou know, I decided to go forward even though I was told there's a low probability that they'd be able to change anything in my care […] And once Mayo gathers the material, it's not like you take it and throw it away. It will be used in the future to make care better for other people^(Dx45F). This belief was in fact quite common among our interviewees. These examples illustrate how patients see the value in research and want their contributions to be utilized.
Legitimation and closure
Even if a deleterious mutation is identified as the probable genetic cause of the disease, treatment options still may not change or may not be available. Nonetheless, Bhaving a name^or a cause lends a sense of legitimacy to patients' suffering. BA name^or cause can translate into a social worker, a government-appointed personal care assistant, and insurance benefits, among other things.
One patient had the expectation on the outset that exome sequencing would Bhelp identify and give me validation( Dx40F). When her results came back inconclusive with the exception of a variant of unknown significance, she told us, BTo me, [sequencing] was validating, because, you guys may not have the science, but I know what I feel […] and it is very compatible with what you guys showed that's not significant.Ŝ he felt that, despite the genetic counselor's statements to the contrary, that she could derive valuable information from the uncertain results that explained her symptoms. This patient was not alone; several participants felt legitimated by their results despite the fact that doctors had characterized them as inconclusive.
A common theme in our patient data is that participating in genomic sequencing allows the patient to feel closure, to feel as though he or she has done what was necessary to ensure his or her health. One patient's mother told us that proceeding with genomic sequencing Bgives me the comfort of knowing, okay, I've truly done everything I can do. This is kind of the last frontier, and who doesn't do everything they can when it comes to the health of their child?^(mother of Dx18F).
The mother of one patient said the value of receiving a diagnostic result, even if it was not actionable, was that Bfor him, not to be poked and prodded to try to figure out what is wrong with him anymore is good^(mother of Dx5M). An oncology patient thought it might Bhelp eliminate me having to go through so many procedures^(O29F).
Although these accolades are often tempered with the admission that genomic science is too nascent to answer all health questions at the moment, it was believed that sequencing now could provide the potential for answers in the future. Even if Bbittersweet,^as one participant put it (mother of Dx5M), the return of even inconclusive genomic sequencing results provides patients with a sense that they have done everything possible to ensure their health.
Discussion
Participants overwhelmingly reported feeling that undergoing genomic sequencing had been worthwhile. So-called negative results did not determine patient attitudes. This fact contrasts importantly with a common equation by medical professionals of success with clinical actionability, giving cost some consideration as well (Sanderson et al. 2005; Green et al. 2013; Berg et al. 2011; Lindor et al. 2013) . Rather than merely on a calculus of clinically actionable outcomes and costs (Bunnik et al. 2014; Grosse Scott and Muin Khoury 2006; Porter 2010) , patients based the value of genomic sequencing on psychosocial outcomes as well. The vast majority of interviewees expressed satisfaction with-and even indebtedness to-the sequencing, regardless of the clinical actionability of the results it provided. The sequencing (with its costs, waittime, and uncertainty) was indeed Bworth it,^they testified.
Other than recognizable medical value, patients found value in four general (perceived) applications of their results. These values were consistently expressed and do not fall under the category of clinical actionability, suggesting that more is ethically at stake in overseeing the return of results than has traditionally been considered. Patients found meaning in results regardless of their clinical utility. First, many patients believed that-even when clinicians could not use the test results to alter medical care-they could take greater responsibility for their health or simply find value in the information itself apart from professional interpretation. Second, participants expressed repeatedly that one value of genomic sequencing was its contribution to knowledge in the field. Third, even when a diagnosis provided no treatment options, patients found a sense of legitimation in the medicalized procedure.
Some patients whose healthcare regimen was unaffected still valued having a definitive name for their symptoms. Legal recognition of the disorder through conclusive diagnosis but without treatment also opened avenues to state welfare. Other studies have found that patients recognize non-clinical, psychosocial, and behavioral values of single-gene and smaller panel genetic testing as well (Kopits et al. 2011; Roberts and Uhlmann 2013) . Similarly, many patients experienced closure, feeling relief, and believing that they had done everything they could.
It is important to note that our participants regularly gave significant weight to their own interpretations of sequencing results while simultaneously recognizing that their interpretations differed from that of their healthcare providers. Although clinicians characterized findings as insignificant and non-actionable, our interviewees retorted that there indeed was important-albeit non-clinical-information to be gleaned from them. This secondary, nonspecialist interpretation provided them with a sense of legitimation that their clinicians might not have expected.
Another interesting result from our study is that many of our participants still saw genomic sequencing as the most advanced and end-of-the-line testing available. Despite newly emerging literature and research studies on epigenetics, proteomics, and microbiomics, they felt that genomic sequencing represented Ball they could do.^This underscores the impact of differing understandings between clinician and patient on patients' experience of their healthcare.
From the results of our study, patients stressed the importance of personal utility as one of the motivating factors for proceeding with genomic sequencing. This contrasts with the perceptions of their clinicians and highlights the need for a better definition of personal utility. It also highlights the need to understand how to capture these clinically intangible benefits. How personal utility, or some aspects of it, might be included in the calculus insurers use when deciding to pay for the testing is a question that deserves more deliberative consideration and study. Though challenging, the nonclinical utility to individual patients could be captured by systematic qualitative mechanisms. Using these in a calculus to determine overall value of the clinical genomic sequencing would need to be evaluated in the larger context of health systems and cost effectiveness. Indeed, it may be that a consideration of personal utility should be limited to certain types of clinical situations (e.g., oncology, diagnostic odyssey) and not others (e.g., preventative or predictive medicine).
Participants believed that having genomic sequencing done was inherently valuable to furthering genomic knowledge and that it served as a contribution to research that could be beneficial to others in the future. Altruism clearly is not the only motivating factor for participation (Hunter et al. 2012; Mein et al. 2012; Wasson et al. 2012) . Nonetheless, for our interviewees, it was a significant reason for participating despite there being no guaranteed clinical or personal utility to sequencing.
Whether or not these feelings are considered reasonable responses to the results, it is important for clinicians to recognize that patients may react to the results of sequencing in these ways. Consent and disclosures should be delivered with these potential reactions in mind. In order to understand patients' decision-making processes, we must attend to motivations and applications such as these. It is not our argument that these are necessarily accurate interpretations of sequencing results; accuracy is not key here. We simply found these interpretations common enough that clinicians need to be aware that patients can be and are influenced by them. Does having these preconceptions affect one's ability to make informed and well-reasoned decisions about finances, surgery, and other healthcare concerns? This is perhaps an overlooked aspect of patients' decision-making. Further longitudinal studies should be conducted in order to determine the lasting salience of sequencing results for patients' healthcare practices. In obtaining consent for and disclosing results from sequencing, it is incumbent on clinicians to ensure that patients are informed in their decision-making. It is therefore necessary to recognize that patients may interpret the value of genomic sequencing in ways not intended by their clinicians.
While noteworthy in their own right, it should be noted that our results are limited by several factors. We were unable to conduct interviews with each patient who went through the Mayo IM Clinic. Similarly, participants were drawn solely from the IM Clinic and thus represent an atypical population when compared to the general consumers of genomic-based medicine. Many participants in our sample had previous experience with genetic testing, and this may have affected some of their responses. It might have proved of interest to compare responses over time, and this information was not collected. In addition, we were unable to determine the exact number of patients in our study who received results determined to be clinical actionable by their care team. More studies are needed to examine the breadth of reactions from patients undergoing different types of testing.
